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INTRODUCTION 

The emergence o f  t h e  h e a v i e r  c rude  o i l s  as r e f i n e r y  feeds tocks  
has become t h e  accep ted  norm o v e r  t h e  l a s t  decade (1). It i s ,  however, a 
p r o p e r t y  o f  t h e s e  f e e d s t o c k s  t o  be r i c h  i n  aspha l tenes  (2,3,4) which a r e  
not  v e r y  amenable t o  r e f i n e r y  processes and a r e  u s u a l l y  r e s p o n s i b l e  f o r  
coke lay-down and f o r  c a t a l y s t  d e t e r i o r a t i o n  (3,4) .  

The c o n v e n t i o n a l  d e f i n i t i o n  o f  aspha l tenes  i s  based on t h e  
s o l u t i o n  p r o p e r t i e s  o f  p e t r o l e u m  r e s i d u a  i n  v a r i o u s  s o l v e n t s  (5,6,7). 
T h i s  g e n e r a l i z e d  concep t  has been extended t o  f r a c t i o n s  d e r i v e d  f rom 
o t h e r  carbonaceous sou rces ,  such as c o a l  and o i l  sha le .  Thus, t h e r e  a r e  
"pe t ro leum asp:altenes", " coa l  l i q u i !  a:phaltenes", " coa l  t a r  
aspha l tenes" ,  s h a l e  o i l  aspha l tenes  , t a r  sand b i tumen  aspha l tenes"  and 
t h e  l i k e .  W i t h  t h i s  e x t e n s i o n ,  t h e r e  has f o l l o w e d  c o n s i d e r a b l e  
s c i e n t i f i c  e f f o r t  t o  f u r t h e r  d e f i n e  aspha l tenes  i n  te rms  of m o l e c u l a r  
s t r u c t u r e s  (9,10,11). 

Never the less ,  i t  must a lways be r e c o g n i z e d  t h a t  aspha l tenes  
( f rom wha teve r  t h e  sou rce )  are,  i n  f a c t ,  a s o l u b i l i t y  c l a s s  ( F i g u r e  1) 
and t h a t  t h e  d e f i n i t i o n  i s ,  i n  f a c t ,  an o p e r a t i o n a l  one; t h a t  i s ,  
aspha l tenes  a r e  s o l u b l e  i n  benzene and i n s o l u b l e  i n  pentane. U s u a l l y ,  
f o r  v i r g i n  p e t r o l e u m  samples, t h e  res iduum i s  c o m p l e t e l y  s o l u b l e  i n  
benzene. However, w i t h  heat-soaked samples o r  coa l  d e r i v e d  l i q u i d s ,  t h e  
benzene i n s o l u b l e s  can be a p p r e c i a b l e .  

c l a s s i f i c a t i o n  of  a s p h a l t e n e s  and i n v o l v e s ,  i n i t i a l l y ,  a c o n s i d e r a t i o n  o f  
m o l e c u l a r  w e i g h t  vs. p o l a r i t y  f o r  t h e  m o l e c u l a r  t y p e s  found  i n  p e t r o l e u m  
r e s i d u a  and /o r  heavy o i l s  ( F i g u r e  2 ) .  The p o l a r i t y  s c a l e  may be i n  
d e f i n a b l e  a r b i t r a r y  u n i t s ,  such as r e l a t i v e  a d s o r p t i v e  s t r e n g t h  on a 
s o l i d ,  e.g. A t t a p u l g u s  c l a y  and /o r  s i l i c a  g e l  (15 ) ,  o r  by s o l u b i l i t y  i n  a 
v a r i e t y  of s o l v e n t s  o f  i n c r e a s i n g  p o l a r i t y  as p r a c t i c e d  on s e p a r a t i o n  o f  
coa l  l i q u i d  f r a c t i o n s  (13 ) ;  t h i s  s c a l e  i s  t h u s  a m o l e c u l a r  w e i g h t -  
independent  p o r t i o n  o f  t h e  s o l u b i l i t y  parameter .  F o r  any p a r t i c u l a r  

A more r e c e n t  concep t  (14 )  ex tends  t h e  s o l u b i l i t y  
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p r e c i p i t a t i n g  medium, say n-heptane, t h e  p r e c i p i t a t e d  aspha l tenes  w i l l ,  
t h e r e f o r e ,  c o n s i s t  o f  l e s s  p o l a r  m a t e r i a l s  o f  h i g h e r  m o l e c u l a r  w e i g h t  and 

p r e c i p i t a t i n g  agent ,  b o t h  l e s s  p o l a r  and lower  m o l e c u l a r  w e i g h t  m a t e r i a l s  
a r e  i n c l u d e d  i n  t h e  p r e c i p i t a t e  and t h e  t o t a l  amount o f  p r e c i p i t a t e  
i n c r e a s e s  (16,17). The concept  a l s o  a l l o w s  f o r  a p o l a r i t y  range  w i t h i n  
t h e  v a r i o u s  aspha l tenes  where v a r y i n g  he te roa tom ( n i t r o g e n ,  oxygen, and 
s u l f u r )  c o n t e n t s  of t h e  p e t r o l e u m  aspha l tenes  o r  v a r i a t i o n s  i n  t h e  sou rce  
(and method o f  p r e p a r a t i o n )  t h a t  would be expec ted  t o  i n f l u e n c e  p o l a r i t y  
(18,19,20). 

\ more p o l a r  m a t e r i a l s  o f  l ower  m o l e c u l a r  weight ;  w i t h  n-pentane as t h e  

\\ 

The p r e s e n t  communicat ion d e s c r i b e s  an e x t e n s i o n  t o  t h e  concept  7 o f  aspha l tene  p o l a r i t y  by t h e  d e l i n e a t i o n  o f  p e t r o l e u m  aspha l tenes  as a 
c o l l a g e  o f  f u n c t i o n a l  t y p e s  u s i n g  ion-exchange chromatography.  

\ E X P E R I M E N T A L  

1. Feedstock 

A r a b i a n  heavy c r u d e  o i l  vacuum (95OoF+) res iduum was used as 
7 t h e  feeds tock  f o r  a l l  o f  t h e s e  i n v e s t i g a t i o n s .  

2. Ion-exchange F r a c t i o n a t i o n  

ou t  u s i n g  a f e e d s t o c k / s o l i d  r a t i o  - 0.05* and t h e  p r o d u c t  f r a c t i o n s  
( F i g u r e  3) were d e s i g n a t e d  ( a )  bases; ( b )  a c i d s ;  ( c )  n e u t r a l  p o l a r s ;  
and ( d )  n e u t r a l  nonpo la rs .  

3. D e a s p h a l t i n g  

ach ieved  by m i x i n g  t h e  f r a c t i o n  w i t h  n-heptane ( 1  gm. f r a c t i o n : 4 0  m l .  
n-heptane)  a t  room t e m p e r a t u r e  f o r  16 h r .  w i t h  a g i t a t i o n .  A t  t h e  end o f  
t h i s  t ime ,  t h e  i n s o l u b l e  aspha l tenes  were separa ted  by f i l t r a t i o n  and 
washed w i t h  f r e s h  n-heptane (200 m l : 1  gm. a s p h a l t e n e s ) .  The aspha l tenes  
were " p u r i f i e d "  f r o m  adsorbed m a t e r i a l  by d i s s o l u t i o n  i n  t o l u e n e  (10 m l : 1  
gm. aspha l tenes )  and p r e c i p i t a t e d  w i t h  n-heptane (80 m l :  1 m l  t o l u e n e ) ;  
any s o l u b l e  m a t e r i a l  was recove red  and added t o  t h e  d e a s p h a l t e d  o i l .  

S e p a r a t i o n  o f  t h e  feeds tock  by ion-exchange r e s i n s  was c a r r i e d  

S e p a r a t i o n  i n t o  aspha l tene  and deaspha l ted  o i l  f r a c t i o n s  was 

3The f e e d s t o c k / r e s i n  r a t i o  was computed on t h e  b a s i s  o f  t h e  number o f  a c t i v e  
s i t e s  on t h e  r e s i n  and i s ,  t h e r e f o r e ,  s u b j e c t  t o  change and depends upon t h e  
n a t u r e  o f  t h e  r e s i n .  
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4. Genera l  Techniques 

S o l v e n t s  were removed f rom t h e  p r o d u c t s  by means o f  a Rotovap 
(6OoC/40 mn Hg.) and f i n a l  v e s t i g e s  were removed by " d r y i n g "  t h e  p roduc ts  
i n  vacuo (10OoC/20 mi Hg). 

RESULTS AM) 0 ISCUSS ION 

The a p p l i c a t i o n  o f  ch romatog raph ic  a d s o r p t i o n  t e c h n i q u e s  t o  
i n v e s t i g a t e  f u n c t i o n a l  and /o r  s t r u c t u r a l  t y p e s  i n  a s p h a l t e n e s  i s  n o t  new 
(21,22) b u t  problems o f  p r e c i s e  i d e n t i f i c a t i o n  may b e . l i m i t e d  by t h e  
i n c o m p l e t e  r e c o v e r y  o f  t h e  a s p h a l t e n e  f rom t h e  adso rben t ,  p a r t i c u l a r l y  
when t h e  f u n c t i o n a l i z e d  ion-exchange adso rben ts  a r e  employed. However, 
ion-exchange f r a c t i o n a t i o n  of  whole f e e d s t o c k s  has been c i t e d  t o  r e s u l t  
i n  an o v e r a l l  more comp le te  r e c o v e r y  o f  t h e  aspha l tenes  (23 ) .  

I n  t h e  p r e s e n t  work, it has been f o u n d  p r e f e r a b l e  t o  
f r a c t i o n a t e  t h e  whole res iduum by ion-exchange chromatography n o t  o n l y  t o  
b u i l d  up a p . i c t u r e  o f  t h e  aspha l tenes  i n  te rms  o f  f u n c t i o n a l  t y p e s  b u t  
a l s o  t o  n o t e  t h e  o v e r a l l  d i s t r i b u t i o n  o f  f u n c t i o n a l  t y p e s  i n  t h e  whole 
feeds tock  as well- nuances of t h e  d e a s p h a l t i n g  t e c h n i q u e .  

by ion-exchange chromatography produced a s e r i e s  o f  f r a c t i o n s  ( T a b l e  1 )  
o f  v a r y i n g  f u n c t i o n a l i t y  wh ich  c o u l d  a l s o  be d i f f e r e n t i a t e d  by i n f r a r e d  
spec t roscopy  ( F i g u r e  4 ) .  

a l l o w s  c r o s s - r e f e r e n c i n g  o f  t h e  two t e c h n i q u e s  b u t  a l s o  a l l o w s  t h e  
deaspha l ted  o i l  and t h e  aspha l tenes  t o  be r e p r e s e n t e d  on t h e  b a s i s  o f  t h e  
d i f f e r e n t  f u n c t i o n a l i t i e s  ( F i g u r e s  5 and 6 ) .  

Obv ious l y ,  t h e  c h e m i s t r y  and s t r u c t u r a l  f e a t u r e s  o f  p e t r o l e u m  
aspha l tenes  w i l l  be d i c t a t e d  by t h e  d i s t r i b u t i o n  o f  f u n c t i o n a l / s t r u c t u r a l  
t ypes  s e p a r a t e d  as an a r t i f a c t  o f  t h e  d e a s p h a l t i n g  techn ique .  T h i s  makes 
t h e  r e p r e s e n t a t i o n  o f  t h e  s t r u c t u r e l f u n c t i o n a l i t y  o f  t h e s e  carbonaceous 
c o n s t i t u e n t s  of  p e t r o l e u m  by "average"  s t r u c t u r e s  v e r y  d i f f i c u l t  t o  
conce ive  ( 11,18). 

a s e r i e s  o f  s t r u c t u r a l  and /o r  f u n c t i o n a l  t y p e s  t h a t  a r e  b e s t  f i t t e d  t o  
d e s c r i b e  t h e i r  c h e m i s t r y l r e a c t i v i t y .  

Thus, f r a c t i o n a t i o n  o f  A rab ian  heavy c r u d e  o i l  vacuum res iduum 

Subsequent h e p t a n e - d e a s p h a l t i n g  o f  t h e s e  f r a c t i o n s  n o t  o n l y  

Such carbonaceous m a t e r i a l s  a re ,  t h e r e f o r e ,  b e s t  r e p r e s e n t e d  by 
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Table  1: F r a c t i o n  y i e l d s  f r o m  t h e  ion-exchange chromatography o f  A rab ian  
heavy c rude  o i l  vacuum (950°F+) res iduum 

F r a c t i o n  Y i e l d  - F u n c t i o n a l  i ty  t y p e  

Bases 29.6 C u i n o l i n e  n i t r o g e n  

A c i d s  3.2 C a r b o x y l i c  a c i d s  and pheno ls  

N e u t r a l  19.4 Carbazo le  n i t r o g e n  
p o l a r  

N e u t r a l  46.5 S a t u r a t e  and a romat i c  
n o n p o l a r  hyd roca rbons  
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Figure 2: Schematic representation of asphaitene character 
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Figure 1: Schematic representation of asphaltene separation. 

.In the case 01 coal Ilqulds, these "insolublss" are alien relarred 10 as 
"Preasph8llenss'~. "asphallols", elc. baled on solublllly In solvents 
such as pyrldlna andlor qulnollns (1z.q. 
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